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© Method for detecting polymers In a solution, detector system and chromatography apparatus 
containing such a detector system. 



© A method of quantitatively detecting a polymer 
in a solution of the polymer in a solvent is provided, 
which method comprises the steps of (a) adding to 
the solution a non-solvent for said polymer in a 
sufficient amount to make the resulting liquid turbid 
and (b) measuring the turbidity of the resulting liq- 
uid. A detecting device for detecting a polymer in a 
polymer-containing solution is also provided, which 
device comprises a line for supplying polymer-con- 
taining solution, a line for supplying non-solvent, a 
mixing chamber, a line connected to said mixing 
chamber for conveying the mixed liquid, and a de- 
tector for measuring turbidity in the mixed liquid, as 
well as a HPLC apparatus comprising a liquid sepa- 
ration system, especially a Gradient Polymer Elution 
Chromatography (GPEC)® system, connected to 
said detecting device. 
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The present invention is in the field of analyt- 
ical methods and equipment. The invention relates 
to a method of detecting polymers in a solution of 
the polymer in a solvent. 

Polymers can be analysed, qualitatively and 5 
quantitatively, using liquid chromatography tech- 
niques. The polymers can be separated e.g. on the 
basis of their molecular weight or size, charge or 
solubility. The polymers thus separated must sub- 
sequently be detected. In HPLC (High Performance io 
Liquid Chromatography) detection is performed us- 
ing flow-through detectors. The most common de- 
tectors are based on the absorption or emission of 
Ultraviolet (UV) or visible light (VIS) or the emission 
of fluorescent light. is 

A disadvantage of UV/VIS detectors for the 
detection of polymers is that they cannot detect 
polymers that do not absorb in the UV/VIS fre- 
quency range (about 190-800 nm). Also, UV/VIS 
absorbing solvents cannot be used with these de- 20 
tectors, since they drastically lower the sensitivity 
of the detection. 

Other types of detectors that can be used for 
assaying polymers include moving belt detectors, 
flame ionisation detectors (FID) and evaporative 25 
light scattering detectors (ELSD). The major dis- 
advantage of these types of detectors is that they 
are destructive to the sample. Refractive index 
detection is also frequently used, but it suffers from 
a low sensitivity and is not applicable with gradient 30 
elution. 

US Patent 4,983,528 describes a method for 
determining the amount of unsaturation in an un- 
saturated elastomeric polymer by subjecting a so- 
lution sample of the polymer to gel permeation 35 
chromatography and measuring the absorption of 
UV radiation of 220 nm by the eluted sample. This 
method does not allow a determination of the 
amount of polymer which is independent on the 
degree of unsaturation of the polymer. ao 

US Patent 5,129,723 discloses a method for 
deriving the molecular weight and other polymer 
parameters by injecting and mixing a suspension of 
the polymer into a HPLC tubing and measuring the 
scattering by a laser-irradiated volume of the sus- 45 
pension. This method is not suitable for determin- 
ing the amount of polymer, nor for the separation 
and assaying of polymer. 

The most common type of separation and de- 
tection of polymers used until now is gel perme- 50 
ation chromatography, combined with detection 
based on change of refractive index of the eluted 
sample. However, this method suffers from a poor 
resolution (inherent to gel permeation chromatog- 
raphy), and a low sensitivity (inherent to refractive 55 
index detection). 

The object of the present invention is to pro- 
vide a method and a device for detecting polymers 



in liquid chromatography techniques in a non-de- 
structive way, without restrictions on the type of 
polymer or on the solvent to be used. 

The method according to the invention for 
quantitatively detecting a polymer in a solution of 
the polymer in a solvent, is characterised by carry- 
ing out the steps of (a) adding to the solution a 
non-solvent for said polymer in a sufficient amount 
to make the resulting liquid turbid and (b) measur- 
ing the turbidity of the resulting liquid. 

With the method of the present invention, the 
polymer solution is transformed into a polymer 
suspension. UV/VIS and fluorescence detectors can 
detect any kind of polymer in such a suspension, 
regardless of the type of solvent. Thus the present 
method has the following important advantages: 
= universal applicability: no limitations on poly- 
mers, even non-absorbing polymers such as 
po lydi meth y Is i I oxan e can be measured, and 
even strongly UV-absorbing solvents such as 
benzene can be used; 
= high sensitivity: UV/VIS and fluorescence de- 
tectors can detect turbidity with high effi- 
ciency; 

= high resolution (selectivity): addition of dif- 
ferent amounts and/or of different non-sol- 
vents allows separation of the polymers to be 
very finely tuned. 

The types of polymers that can be assayed 
using the detecting system according to the 
present invention include e.g. polyethylene, poly- 
propylene, polyvinyl chloride), polyvinyl acetate), 
polystyrene, poly(methyl methacrylate), polyvinyl 
acetate), polydimethylsiloxane, polyols, which are 
all non UV/VIS-absorbing polymers, polyamides, 
polyesters, polycarbonates, polyurethanes, 
copolymers such as butadiene-styrene copolymers, 
ABS, block copolymers, terpolymers, biopolymers 
such as polysaccharides, polypeptides etc. 

In the present specification, a solvent is under- 
stood to be a liquid wherein the polymer to be 
assayed is essentially soluble. 

Suitable solvents for the relatively apolar poly- 
mers include e.g. tetrahydrofuran, dioxane, other 
cyclic or acyclic ethers, dichloromethane, chloro- 
form, other haloalkanes, dimethyfformamide, ar- 
omatic hydrocarbons such as benzene or toluene, 
cyclohexane, and mixtures thereof. Suitable sol- 
vents for the relatively polar polymers include e.g. 
water, methanol, ethanol, acetonitrile, and mixtures 
thereof. The appropriate choice of solvent can be 
made by the skilled person on the basis of the type 
of polymer present in the test sample. 

A non-solvent according to the invention as a 
liquid wherein the polymer to be assayed is essen- 
tially insoluble, and which, when added to a solu- 
tion of the polymer, causes the polymer to become 
undissolved. The non-solvent to be used should be 
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miscible with the solvent of the polymer solution. 
The appropriate choice of non-solvent can be 
made by the skilled person on the basis of the type 
of polymer present in the test sample and of the 
solvent used. 5 

Suitable examples of non-solvents that can be 
used in combination with solvents such as 
tetrahydrofuran, dioxane, dichloromethane, chloro- 
form, dimethylformamide or cyclohexane. include 
water, methanol, acetonitrile, hexane and isooctane. 10 
Suitable examples of non-solvents that can be used 
in combination with solvents such as water, metha- 
nol or acetonitrile include tetrahydrofuran, dioxane 
and dimethylformamide. 

The non-solvent is added to the polymer solu- is 
tion e.g. by means of a HPLC pump. The solution 
thereby turns into a cloudy, turbid suspension, ff 
necessary for preventing adhesion of the polymer 
suspension on the walls of the liquid lines, a deter- 
gent, in particular a nonionic detergent may be 20 
added to the non-solvent. The non-solvent is added 
in an amount which is sufficient to insolubilise the 
polymer to be assayed. By adding only a low 
amount of non-sofvent the detecting system can 
detect polymers selectively. Only one or a few 25 
types of polymers become suspended and detect- 
able, while the other polymers remain dissolved 
and are not detected. A distinction can thus be 
made, both according to the different chemical 
nature of the polymers, and according to their 30 
molecular weight. 

It is sometimes advantageous to cool the poly- 
mer-containing solution before adding the non-sol- 
vent. Such cooling will result in a reduced solubility 
of one or more of the polymers and thus in an 35 
enhanced turbidity. This enhanced turbidity allows 
a more selective detection and/or a reduced con- 
sumption of non-solvent The polymer-containing 
solution is preferably cooled to below O'C, in par- 
ticular to about -10* C. 40 

Preferably, both the polymer solution and the 
non-solvent are used in a continuous flow, such as 
in a liquid chromatography system. The turbidity of 
the suspension resulting from addition of non-sol- 
vent to the polymer solution is preferably measured 45 
using a UV/VIS detector or a fluorescence detector. 
A UV/VIS detector measures the light transmitted 
through the turbid suspension at wavelengths of 
e.g. 190 - 600 nm. A fluorescence detector mea- 
sures the light emitted by the suspension at a 90 * 50 
angle at wavelengths of e.g. 200 - 700 nm. Typical 
settings for fluorescence are an excitation at 350 
nm and an emission at 360 nm. 

The invention also relates to a detection device 
for detecting a polymer in a polymer-containing 55 
solution, comprising a line provided with a pump 
for supplying polymer-containing solution, a line 
provided with a pump for supplying non-solvent, a 



mixing chamber connected to said lines for mixing 
the non-solvent with the polymer-containing solu- 
tion, a line connected to said mixing chamber for 
conveying the mixed liquid, and a detector for 
measuring turbidity in the mixed liquid. The detec- 
tor can be of the UVA/IS or fluorescence types 
mentioned above. 

The detecting system according to the inven- 
tion is especially suitable for use in liquid 
chromatography. The invention also relates to a 
liquid chromatography apparatus comprising a liq- 
uid separation system connected to the detecting 
device described above. The chromatography tech- 
nique may be e.g. gel filtration chromatography, 
gel permeation chromatography, size exclusion 
chromatography, ion chromatography, protein liquid 
chromatography, capillary zone electrophoresis or 
gradient polymer elution chromatography (GPEC). 

The latter type of chromatography is particu- 
larly useful for assaying polymers of widely varying 
nature. It is an HPLC technique, wherein a sample 
containing 0.001 to 1 % (v/v) of polymer in a 
suitable solvent is injected (injection volumes e.g. 1 
to 200 ul). The solution is then turned into a turbid 
polymer suspension by addition of a non-solvent 
through a gradient pump. The polymer suspension 
is subsequently adsorbed on a solid-absorbing col- 
umn, a so-called guard column. After adsorption, 
the gradient pump adds solvent to the guard col- 
umn in order to dissolve the polymer from the 
column. At a certain solvent/non-solvent ratio the 
polymer dissolves and is eluted from the guard 
column. The separation is based on the difference 
in the redissolution solvent composition of the dif- 
ferent polymers. The redissolved polymer is then 
transported to an analytical column for further sep- 
aration. Thereafter non-solvent is added in order to 
make the separated polymer detectable, as de- 
tailed above. The mixing of the non-solvent and the 
polymer solution is performed e.g. using a high- 
pressure noise fitter. 

The method and apparatus according to the 
invention are further described with reference to 
the accompanying figure 1. Fig. 1 shows a gradient 
pump (1), fed from a plurality of solvent containers 
(2a-2d). These containers hold e.g. three different 
solvents and a non-solvent respectively. 

The gradient pump is connected with an injec- 
tor (3) and subsequently with a guard column (4), 
wherein polymer may be absorbed and desorbed. 
The guard column is connected downstream with 
an analytical column (5). A non-solvent container 
(6) is connected through an isocratic pump (7) with 
the outlet of column (5). Downstream of both col- 
umn (5) and pump (7), a UV or fluorescence detec- 
tor (8) is located, which is then connected with a 
liquid collector (9). The detector is connected to a 
processing and/or recording system (10). 
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Example 1 

A sample of polydimethylsiloxane (PDMS) in 
tetrahydrofuran (THF) was assayed using the ap- 
paratus depicted in fig. 1. PDMS, when dissolved 
in THF, is a non-absorbing polymer in the UV/VIS 
range. Water is a non-solvent (precipitant) for 
PDMS. At 8% water addition, the polymer is 
precipitated. 

Chromatography was performed using the following 
characteristics: 
Gradient: 

Water/THF (50/50) to THF in 15 min., curve 

linear 

Flow: 

1 ml/min 

Column: 

NovaPak CN 

Turbidity detector: 

UV/VIS 550 nm 

Turbidity liquid: 

Water + nonionic detergent; flow 3 m!/min. 
Five ul of polymer solution containing 50 mg of 
PDMS per ml of THF was injected and eluted using 
a gradient eluent starting from water/THF (50/50, 
v/v) to 100% THF in 15 min, at a flow of 1 ml/min. 
After the sample had passed the separation col- 
umn, water was added to the flow, at a rate of 3 
parts of water to 1 part of THF solution. The 
polymer was detected at a wavelength of 550 nm. 
The result is shown in figure 2. Even though PDMS 
gives very small differences in refractive index with 
the THF/water mixture, the detection is very good. 

Example 2 

A mixture of polystyrene standards according to 
the molecular weight was analysed using the fol- 
lowing characteristics: 
Gradient: 

Water/THF (50/50) to THF in 30 min. 

Flow: 

1 ml/min 

Column: 

NovaPak Cyanopropyl (CN), 15 cm, 3.9 mm 
Turbidity detector: 
UV M486: 350 nm 
Turbidity pump: 

Water + detergent; flow 3 ml/min; room tem- 
perature 

The results are shown in fig. 3. This example 
shows that very small polymer molecules can also 
be detected by the system according to the inven- 
tion. 



Example 3 

A broad mixture of polymers [poly(vinyl acetate) 
(PVAC) M.W. 125,000; poly(methyl methacrylate 

5 (PMMA) M.W. 110.000; styrene-acrylonitrile 
copolymer (SAN) M.W. 175,000; polystyrene (PS) 
M.W. 165,000; styrene-butadiene-styrene 
copolymer (SBS); and polybutadiene (PB) M.W. 
120,000] was analysed using the following char- 

io acteristics: 
Gradient: 

Water/THF (50/50) to THF in 30 min. 

Row: 

1 ml/min 
is Column: 

NovaPak Cyanopropy! (CN). 15 cm. 3.9 mm 

Turbidity detector: 

UV M486: 350 nm 

Turbidity pump: 
20 Water + detergent; flow 3 ml/min; room tem- 
perature 

The results are shown in fig. 4. This example 
shows that the detection system according to the 
invention is useful as a universal detector. 

25 

Example 4 

A solution of polydimethylsiloxane (M.W. 101,000) 
was analysed using gel permeation chromatog- 
30 raphy (GPC) connected to a turbidity detector, ac- 
cording to the following characteristics: 
Eluent: 
THF 
Flow: 
35 1 ml/min 
Column: 
Shodex 80M 2x 
Turbidity detector: 
UV M486: 350 nm 
40 Turbidity pump: 

Water, flow 3 ml/min. 
The results are shown in fig. 5. 

Example 5 

45 

A solution of polyvinyl chloride) (PVC), a non-UV 
absorbing polymer having an M.W. of 120,000, was 
analysed using gel permeation chromatography 
(GPC) connected to a turbidity detector, according 
so to the following characteristics: 

Eluent: 

THF 

Flow: 

1 ml/min 
55 Column: 

Shodex 80M 2x 

Turbidity detector: 

UV M486: 350 nm 
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Turbidity pump: 
Water, flow 3 ml/min. 
The results are shown in fig. 6. 

Example 6 

A solution of polystyrene (PS) standards was 
selectively analysed according to the following 
characteristics: 

Eluent: 

THF 

Flow: 

1 ml/min 

Column: 

GPC Shodex 80M 2x 

Tijrhtrfjtv Hfttft£tnr; 

UV M486: 350 nm 

Turbidity pump: 

Water flow 0-1 ml/min. 
When no non-solvent was added after the separa- 
tion column, no peaks for PS were visible at 350 
nm (PS has a UV absorption at 260 nm), see fig. 7. 
Increasing the amount of non-solvent results in the 
polymer having the highest molecular weight to 
become turbid first. The following water flows of 
the turbidity pump were used: 

Turbidity pump: 

Water flow 0 ml/min (see fig. 7) 
Turbidity pump: 

Water flow 0.12 ml/min (10.7%) (see fig. 8) 
Turbidity pump: 

Water flow 0.2 ml/min (16.7%) (see fig. 9) 
Turbidity pump: 

Water flow 1.0 ml/min (50%) (see fig. 10) 
At a water flow of 1 .0 ml/min, the proportion of non- 
solvent (50%) is so high that all polystyrenes are 
turbid and detected. 

In this mode of operation the detector is a selective 
(tuneable) detector. 

Claims 

1. A method of quantitatively detecting a polymer 
in a solution of the polymer in a solvent, com- 
prising the steps of (a) adding to the solution a 
non-solvent for said polymer in a sufficient 
amount to make the resulting liquid turbid and 
(b) measuring the turbidity of the resulting liq- 
uid. 

2. The method according to claim 1 , wherein the 
non-solvent is added to the solution in an 
amount sufficient to render the polymer insolu- 
ble in the resulting liquid. 

3. The method according to claim 1 or 2, wherein 
the turbidity is measured using a UV/VIS de- 
tector, a fluorescence detector, or a laser light 



scattering detector. 

4. The method according to any one of claims 1- 

3, wherein the non-solvent is added as a con- 
5 tinuous flow to a continuous flow of polymer- 
containing solution. 

5. The method according to any one of claims 1- 

4, wherein the solvent comprises 
10 tetrahydrofuran, dioxane, dichloromethane, 

chloroform, dimethylformamide or cyclohex- 
ane, and the non-solvent comprises water, 
methanol, acetonitrile, hexane or isooctane. 

/5 6. The method according to any one of claims 1- 

T t niiviwm u iu oviwiti uuiiijjii^o naioi , 1 1 roil ta~ 

nol or acetonitrile and the non-solvent com- 
prises tetrahydrofuran, dioxane or dimethylfor- 
mamide. 

20 

7. The method according to any one of claims 1- 
6, wherein said polymer solution is a solution 
resulting from a liquid chromatography step. 

25 8. The method according to claim 7, wherein said 
liquid chromatography is gel permeation 
chromatography, size exclusion chromatog- 
raphy, ion chromatography, protein liquid 
chromatography, capillary zone electrophoresis 
30 or gradient polymer elution chromatography, in 

particular gradient polymer elution chromatog- 
raphy. 

9. The method according to any one of claims 1- 
35 8, wherein the non-sorvent is added after the 

polymer-containing solution is cooled, in par- 
ticular to -10 *C. 

10. A detecting device for detecting a polymer in a 
40 polymer-containing solution, comprising a line 

provided with a pump for supplying polymer- 
containing solution, a line provided with a 
pump for supplying non-solvent, a mixing 
chamber connected to said lines for mixing the 
45 non-solvent with the polymer-containing solu- 

tion, a line connected to said mixing chamber 
for conveying the mixed liquid, and a detector 
for measuring turbidity in the mixed liquid. 

so 11. The device according to claim 10, wherein the 
detector is a UV/VIS detector or a fluorescence 
detector. 

12. A High Performance Liquid Chromatography 
55 apparatus comprising a liquid separation sys- 

tem connected to the detecting device accord- 
ing to claim 10 or 11. 
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13. The chromatography apparatus according to 
claim 12, wherein the separation system is a 
gradient polymer elution chromatography sys- 
tem. 
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